High efficiency detection of γ with good energy and coordinate resolutions • Electron/hadron separation • Provides signal for the trigger of the detector • Online/offline luminosity measurement
Large fraction of π 0 (→γγ) among the produced hadrons, necessity to reconstruct γ's in such golden modes as τ→μγ requires a high resolution electromagnetic calorimeter, which detects γ's in the wide energy range: 
Belle II electromagnetic calorimeter
Calorimeter is based on 8736 CsI(Tl) crystals (40 tons) with the thickness of 16X 0 (30 cm). It is located inside magnetic field of 1.5 T and covers the solid angle of 91% of 4π.
• Electronics with pipe-line readout and waveform analysis (in the 16-ch Shaper-DSP board) has been developed. It is successfully being exploited now at Belle II.
•
To decrease notable pileup noise by a factor of √(1000 ns/30 ns)=5.5 in the endcap ECL (1152+960 ch), CsI(Tl) crystals are planned to be changed to pure CsI crystals.
CsI(pure) + WLS + 4 APDs option •
The first tests showed that for the counter, based on the 6 x 6 x 30 cm 3 CsI(pure) crystal (AMCRYS) and 1 APD Hamamatsu S8664-1010 (1 cm 2 , C APD = 270 pF) coupled to the back facet of the crystal with optical grease ( 
Nanostructured organosilicon luminophores (NOL)
Based on the nanostructured organosilicon luminophores (NOL-9,10,14) from LumInnoTech Co., the WLS plates were developed ((60 x 60 x 5) mm 3 ).
The absorption and emission spectra of these NOL's match our needs very well (λ CsI = 320 nm).
The improvement of the APD QE is by a factor of 2-3. 
The RMS of the peak in the amplitude spectrum of the calibration signal is a measure of the equivalent noise charge (ENC) in the scheme with APD.
•
In the counter based on the CsI(pure) crystal, WLS plate and APD(s) (Hamamatsu S8664-55), the statistical noise, ~√F (F -excess noise factor of APD), provides notable contribution to the evaluated energy resolution at the energies E γ < 0.3 GeV.
• It is important to measure spectral characteristics of APD: gain(λ), F(λ) (especially for λ = 588 nm: NOL-9). 
Measurement of gain(λ) and F(λ)
ENC light 2 (U BIAS )=2 e τ( I photo + I dark )⋅g⋅F⋅K shaper + ENC other 2 (U BIAS ) ENC dark 2 (U BIAS )=2 e τ I dark ⋅g⋅F⋅K shaper + ENC other 2 (U BIAS ) F (U BIAS )= ENC light 2 (U BIAS )−ENC dark 2 (U BIAS ) 2 e τ I photo (U BIAS ) g(U BIAS ) K shaper
Summary
• CsI(pure) inorganic scintillation crystal is an appropriate material for the electromagnetic calorimeter of the modern e + e -Super factories.
• Compact, insensitive to magnetic field and modest price Hamamatsu APD S8664-55 is an appropriate photosensitive element, several APDs in one counter provide necessary signal readout redundancy.
• An essential increase (x 6 times) of the light output of the CsI(pure)+APDs counter was achieved with WLS plates of special shape made of PMMA and the nanostructured organosilicon luminophores (NOL-9).
• The ENE of the counter based on CsI(pure) + WLS(NOL-9) + 4 APDs was measured to be ENE = (0.33 ± 0.03) MeV, which allows one to achieve high energy resolution (σ E /E = 3.7%) even for the small energy gammas with E = 100 MeV.
•
The pipeline readout with on-board waveform analysis (already implemented in Belle II calorimeter) will provide good time resolution (to suppress beam background) and ability to work at high occupancies.
• The calorimeter prototype of 16 counters based on CsI(pure) crystals, WLS(NOL-9) plates and Hamamatsu S8664-55 APDs is under construction. All necessary electronics (preamplifiers, preliminary Shaper-ADC boards) have been developed and produced. It will be studied on the test beam facility in 2019 in Budker Institute of Nuclear Physics.
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